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DE 4,138,042 A1 

Description 

The invention relates to epothilones of the following general formula: 




wherein R 1 represents hydrogen, CrC^alkyl, Ci-C 4 -acyl, Li + , K + , Na + , 
Vi Mg 2+ or 14 Ca 2+ and R 2 is hydrogen or a methyl group. 

Furthermore, the invention relates to an epothilone characterized by one 
or more of the following parameters: 



1 H-NMR data 
atom 



13 C-NMR data 
atom 



2a 

2b 

3 

6 

7 

8 

9i 

9b 
I Oft 

10b 

11a 

Mb 

12 

13 

14a 

14b 

15 
17 
19 

21*) 

22') 

23 

24 

2$ 

26 



2.4 

2.52 

4.19 

12 

3.78 

173 

1.4 

1.52 

1.4 

1,4 

1.42 

IJ 

23 

3.01 

m 

2.11 

5*1 

6,6 

6,99 

IjOS 

U5 

1.15 

OJ93 

2*5 

2.69 



1 

2 

3 

4 

S 

6 

7 

8 

9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 •) 
22*) 
23 
24 
23 
26 



170,5 
39.1 
73.2 
53.0 
2195 
43.5 
74.7 
36.4 
30.7 
23.6 
27* 
51.4 
54,6 
31.7 
76.8 
137.4 
120.1 
152,1 
116J 
165,0 
20.4 
2IJ6 
14,1 
17.1 
15.6 
19.1 



*) Assignment interchangeable. 
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V 



C 2 6H 3 9N0 6 S (493) 

FAB-MS (neg. ions): 429.25 for (M-H)" 

UV (MeOH) W (log e) = 210 (4.17); 249 (3.97) 

IR, film on Irtran: 

v: 3429; 2966; 2937; 1737; 1691; 1463; 1374; 1295; 1257; 1185; 1150; 1087; 
1029; 1014; 979 cm' 1 . 
TLC: R F = 0.75. 

TLC - Aluminum foil 60 F 25 4 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 

1. UV extinction at 254 nm 

2. Spraying with vanillin-sulfuric acid reagent and heating to 120°C: brown 
coloration. 

HPLC: R t = 5.4 min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 nm, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 

Furthermore, the invention relates to an epothilone characterized by one 
or more of the following parameters: 



'H-NMR data 
atom 



13 C-NMR data 



atom 



8 

9a 
9b 
10a 
10b 
I la 
lib 
12 
13 
14* 
Hb 
IS 
W 
19 

2H 

22') 

23 

24 

25 

26 

27 



2a 
2b 
3 
6 



2.8 dd 

1.9 ddd 
2.1 ddd 
5.41 dd 
6,6 s 
6.99S 
1.05 s 
U6$ 
1.15 d 
0.92 d 
2,05 s 
2.69 s 
1,28 s 



2.22 dd 
243 dd 
4.24 dd 
3.28 m 
X7Sdd 
1.73 m 
1.4 rn 
lin 
1.4 ro 
1.4 m 
M2m 
1,7 ro 



9 
10 
tl 
12 
13 
14 
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16 
17 
18 
19 
20 

«•) 

22«) 

23 

24 

25 

26 

27 



6 



6 



170.5 
39.4 
72.9 
53.2 
219.8 
43.1 
74.3 
36.6 
30.9 
224 
32,3 
6U 
61.7 
32.4 
76.9 
1374 
120.0 
152.1 
116.2 
165.1 
19.7 
214 
13,7 
17,1 
15.7 
19.0 
22,7 



(R'-CH,) 



') Assignment interchangeable. 
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C 2 7H 4 iN0 6 S (507) 

FAB-MS (neg. ions): 506.25 for (M-H)" 

UV (MeOH) Xmax (log e) = 210 (4.17); 249 (3.97) 

IR, film on Irtran: 

v: 3400; 2958; 2931; 2875; 1735; 1689; 1629; 1609; 1463: 1378; 1250; 1149; 
1049; 977 cm' 1 . 

TLC: R F = 0.75. 

TLC - Aluminum foil 60 F254 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 

1 . UV extinction at 254 nm 

2. Spraying with vanillin-sulfuric acid reagent and heating to 120°C: brown 
coloration. 

HPLC: R t = 6.3min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 urn, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 

Particularly preferred are epothilones having the following structural formula: 
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wherein R 2 represents hydrogen of methyl. (The carbon atom of the methyl 
group is denoted as C27). The invention also relates to a process for preparing 
epothilones, particularly of the above-characterized epothilones, which • 
preparation is characterized in that strain So ce90 DSM 6773 

- is cultivated in a medium containing carbon and nitrogen sources and mineral 
salts, 

- an adsorbent resin is added either during or after cultivation of the strain, 

- the fermenter broth is separated, 

- the epothilones are eluted from the adsorbent resin and 

- the eluates are freed from the solvent(s) either directly or by further 
purification steps, 

- and the various epothilones are optionally purified and separated from one 
another by high-pressure/low-pressure chromatography and/or by 
recrystallization. 

Optionally, the epothilones obtained in this manner can be further 
converted by current chemical processes, e.g., with bases, into alkali metal and 
alkaline earth salts and optionally into ethers, or they can be converted with 
organic acids into the corresponding esters. 

Furthermore, the invention relates to a plant-protection agent in agricul- 
ture, forestry and/or gardening, consisting of one or more of the aforementioned 
epothilones or containing one or more of these epothilones, optionally in addition 
to one or more conventional excipients and/or diluents. 
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Finally, the invention relates to a therapeutic agent which may exert 
cytotoxic activities in particular and/or cause immunosuppression, consisting of 
one or more of the aforementioned epothilones.or containing one or more of 
these epothilones, optionally in addition to one or more conventional excipients 
and/or diluents. 

Below, the invention will be explained in greater detail on the basis of 
examples and experimental data. 

Production strain 

Strain So ce90 was isolated in July 1985 at the Gesellschaft fur 
Biotechnologische Forschung (GBF) [Association for Biotechnological Research 
(GBF)] from a soil sample from the banks of the Zambezi River, South Africa. 
The strain has been deposited with the Deutsche Sammlung von Mikro- 
organismen (DSM) [German Microorganism Collection (DSM)] under No. 6773. 

Stock culture and morphological description: The strain grows on 
cellulose as the sole carbon and energy source with KN0 3 as the sole nitrogen 
source, e.g., on filter paper over ST21 mineral salt agar (0.1% KN0 3 ; 0.1% 
MgS0 4 x 7 H 2 0; 0.1% CaCI 2 x 2 H 2 0; 0.1% K 2 HP0 4 ; 0.01% MnS0 4 x 7 H 2 0; 
0.02% FeCb; 0.002% yeast extract; standard trace-element solution: 1 % agar). 
Formed on this medium are dark red-brown to dark black-brown fruiting bodies 
consisting of small sprangioles (about 15 to 30 urn in diameter) in more or less 
large dense clusters and packets. 
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The strain grows very well with glucose and KN03, e.g., on CA2 agar 
(basic medium: 1 .5 g of agar in 92 mL of distilled water; Stock solution 1 : 7.5% 
KN0 3| 7.5% K2HPO4 in distilled water; Stock solution 2: 1 .5% MgS0 4 x 7 H 2 0 in 
distilled water; Stock solution 3: 0.2% CaCI 2 x 2 H 2 0; 0.15 % FeCI 3 in distilled 
water; Stock solution 4: 20% glucose in distilled water. The stock solutions are 
sterilized by autoclaving. 1 mL each of Solutions 1 to 3 and- 5 mL of Solution 4 
are added to the basic medium, as is a suitable amount of a trace element 
solution). 

The vegetative rodlets have the shape typical of Sorangium (relatively 
coarse cylindrical rodlets with widely rounded ends which have an average 
length of 3-6 urn and an average thickness of 1 |im ) and are dark in the phase- 
contrast microscope. After prolonged adaptation to growth in liquid media, the 
strain grows in homogenous cell suspension. 

Strain So ce90 produces chemically closely related compounds which 
possess antibiotic activity. In particular, these compounds exert a cytotoxic and 
antifungal action. To be emphasized, for example, is the inhibition of Mucor 
hiemlis. 

Production of the biologically active compounds 
The compounds are produced during the logarithmic to stationary growth 

phase. 

A typical fermentation has the following course: A 100 L fermenter is filled 
with 60 L of medium (0.8% starch; 0.2% glucose; 0.2% soybean flour; 0.2% 
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yeast extract; 0.1% MgS0 4 x 7 H 2 0; 8 mg/L of Fe-EDTA; pH 7.4). It is inoculated 
with 10 L of a preliminary culture in the same medium but additionally grown with 
50 mM of HEPES buffer of pH 7.4 in shaking flasks (160 rpm, 30°C). The fer- 
mentation is carried out at a rotational velocity of 600 rpm and aeration of 0.2 NL 
per m 3 per hour; the pH is maintained at 7.4 by adding KOH. The fermentation 
lasts 7 to 1 0 days. The active compounds formed are present partly in the 
supernatant and partly in the cells. 

Alternatively, the fermentation can be done in the presence of adsorbent 
resins (e.g., XAD-1180, Rohm and Haas, 2-5%). 

Isolation of epothilone A and B 

During the fermentation of Sorangium celluiosum So ce90 (e.g., 70 L of 
fermentation volume) in the presence of an adsorbent resin (e.g., XAD-1 180, 
Rohm and Haas, 2% v/v), the antibiotics epothilone A (Fig. 1) and B (Fig. 2) 
formed are completely bound to the resin. After separation of the culture broth 
(e.g., by sieving into a process filter), the resin is washed with 3 bed-volumes of 
water and eluted with 4 bed-volumes of methanol. The combined eluates are 
concentrated in vacuum to the water content and extracted three times with 0.2 L 
portions of ethyl acetate. The combined ethyl acetate extracts are evaporated to 
dryness (about 40 dry weight). 

The crude extract is taken up in 50 mL of methanol and isocratically 
chromatographed with methanol/water 6:4 on Lichroprep RP-18 25-40 urn 
(column: 4Q0 x 100 mm; flow rate: 200 mL/min; Merck Prepbar). 
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The epothilone-containing fractions (Ri about 95-125 min) are purified by RP-18 
low-pressure chromatography (column 400 x 60; HD-Sil-1 8-20-60, Labomatic; 
solvent: methanol/water 65 : 35; flow rate: 25 mUmin; R t epothilone A: 140-165 
min; epothilone B: 170-195 min. 

Fine purification of the epothilones is carried out by crystallization: 

1 , Epothilone A from toluene/ethyl acetate = 3:2 

2. Epothilone B from ethyl acetate. 

Epothilone A 
C26H39NO6S (493) 

FAB-MS (neg. ions): 429.25 for (M-H)* 

1 H-NMR data: see Table 1. 

13 C-NMR data: see Table 2. 

UV (MeOH) W (log e) = 210 (4.17); 249 (3.97) 

IR, film on Irtran: 

v: 3429; 2966; 2937; 1737; 1691; 1463; 1374; 1295; 1257; 1185; 1150; 1087; 
1029; 1014; 979 cm' 1 . 

TLC: R F = 0.75. 

TLC - Aluminum foil 60 F254 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 1. UV extinction at 254 nm 
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Table 2 Spraying with vanillin-sulfuric acid reagent and heating to 120°C: 
brown coloration. 

HPLC: R t = 5.4 min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 jim, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 

Epothilone B 
C 2 7H 4 iN0 6 S (507) 

FAB-MS (neg. ions): 506.25 for (M-H) - 
1 H-NMRdata: see Table 1. 
13 C-NMRdata: See Table 2. 

UV (MeOH) X max (log e) = 210 (4.17); 249 (3.97) 
IR, film on Irtran: 

v: 3400; 2958; 2931; 2875 1735; 1689; 1629; 1609; 1463: 1378; 1250; 1149; 
1049; 977 cm' 1 . 

TLC: R F = 0.75. 

TLC - Aluminum foil 60 F254 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 
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Table 2 Extinction at 254 nm 

Table 2 Spraying with vanillin-sulfuric acid reagent and heating to 120°C 

brown coloration. 
HPLC:R t =6.3min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 pm, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 



Table 1 

1 H-NMR data of epothilone A and B 



Atom 


A 


B 


2i 


2.4 dd 


222 dd 


2b 


242 dd 


2.S3 dd 


3 


4.19 dd 


4.24 dd 


6 


Urn 


328 m 


7 


3.78 dd 


3,75 dd 


8 


1.73 m 


1.73 m 


9i 


1.4 m 


1.4 m 


9b 


1.52 m 


1.5 m 


10a 


1,4 m 


1,4 m 


10b 


1.4 m 


1.4 m 


lit 


1,42 m 


1.42 m 


Mb 


1.7 m 


1.7 m 


12 


2.9 ddd 




13 


3.01 ddd 


2,8 dd 


Ml 


M5ddd 


IS ddd 


14b 


2,11 ddd 


2,1 ddd 


IS 


5,41 dd 


5.41 dd 


17 


6.6 i 


6.6 1 


19 


6.99 s 


6.99 s 


2f) 


I.Q8s 


1.05 s 


»*) 


US i 


1,36 s 


23 


1.15 d 


1.15 d 


24 


0J3d 


0.92 <J 


25 


2.05 s 


2.05 s 


26 


2.69 s 


2.69 s 


27 




128 S 



*) Assignment interchangeable. 
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Table 2 

13 C-NMR data of epothilone A and B 



Atom 


A 


1 


170,5 


2 


39.1 


3 


722 


4 


53.0 


5 


2193 


6 


433 


7 


74,7 


6 


36/4 


9 


30.7 


10 


23j6 


11 


27j6 


12 


57,4 


13 


54.6 


14 


317 


15 


76,8 


16 


137v4 


i; 


120.1 


18 


152.1 


19 


1163 


20 


165.0 


21*) 


20.4 


22*) 


21,6 


23 


14.1 


24 


17,1 


25 


15,6 


26 


19.1 


27 





1703 
39.4 

m 

53.2 
2194 
43.1 
74,3 
36.6 
30.9 
223 
32J 
613 
617 
32.4 
76.9 
1373 
120.0 
152.1 
116,2 
165.1 
197 
213 
13.7 
17.1 
157 
19.0 
227 



) Assignment interchangeable. 
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Claims 

1 . Epothilones of general formula 




wherein R 1 represents hydrogen, C r C 4 -alkyl, d-C 4 -acyl f Li + ( K + , Na + , 
1 / 2 Mg 2+ or V 2 Ca 2+ and R 2 is hydrogen or a methyl group. 

2. Epothilones of general formula 




wherein R 2 is hydrogen or methyl. 
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H-NMR data 




atom 






2a 


2.4 


1 


2b 


232 


2 


3 


4.19 


3 


6 


3.2 


4 


7 


3.78 


S 


e 


1.73 


6 


9a 


1.4 


; 


9b 


142 


8 


(Oa 


1.4 


9 


10b 


1.4 


10 


1 la 


1.42 


11 


lib 


1.7 


12 


12 


2.9 


13 


13 


3,01 


14 


14a 


1,85 


IS 


Mb 


2.11 


16 


15 


5.41 


17 


17 


6.6 


IB 


19 


659 


19 


21*) 
22-) 


1.08 


20 


US 


21 •) 


23 


1.15 


22-) 


24 


0.93 


23 


25 


Z05 


24 


26 


2.69 


2S , 



3. Epothilone characterized by one or more of the following parameters: 

13 C-NMRdata 

etom _ 

1703 
39.1 
73.2 
53.0 
219.9 
433 
74.7 
36.4 
30.7 
233 
273 
57.4 
543 
31.7 
763 
137,4 
120.1 
152.1 
1163 
165,0 
20.4 
213 
14.1 
17.1 
153 

*) Assignment interchangeable, 26 19,1 

CzeHagNOeS (493) 

FAB-MS (neg. ions): 429.25 for (M-H)* 

UV (MeOH) ^ (log e) = 210 (4.17); 249 (3.97) 

IR, film on Irtran: 

v: 3429; 2966; 2937; 1737; 1691; 1463; 1374; 1295; 1257; 1185; 1150; 1087; 
1029; 1014; 979 cm" 1 . 
TLC: R F = 0.75. 

TLC - Aluminum foil 60 F 25 4 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 1. UV extinction at 254 nm 
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2. Spraying with vanillin-sulfuric acid reagent and heating to 120°C: brown 

coloration. 

HPLC: R t = 5.4 min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 ^m, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 

4. Epothilone characterized by one or more of the following parameters: 



H-NMR data 
atom 




13 C-NMR data 

. etom 


2a 


2.22 dd 


1 


1703 


2b 


233 dd 


2 


39.4 


3 


4J2A dd 


3 


723 


6 


3,28 m 


4 


53.2 


7 


3.75 dd 


5 


219,8 


6 


1.73 m 


6 


43.1 


9a 


Mm 


7 


743 


9b 


13 m 


e 


36.6 


101 


Mm 


9 


303 


10b 


Mm 


10 


223 


lit 


M2m 


II 


323 


lib 


1.7 m 


12 


613 


12 




13 


61.7 


13 


2.8 dd 


14 


32,4 


141 


1.9 ddd 


15 


76.9 


Mb 


Zl ddd 


16 


1373 


15 


5,41 dd 


17 


I2O0 


17 


6.6 1 


18 


15ZI 


19 


&99 s 


19 


1I&2 


21 •) 


1.05 i 


20 


165.1 


22') 


136 f 


»') 


19.7 


23 


MSd 


22*) 


213 


24 


0.92 d 


23 


137 


25 


Z05s 


24 


17.1 


26 


2,69 s 


25 


15.7 


27 


1.28 $ 


26 


19.0 






27 


22.7 








(R'-CH,) 



) Assignment interchangeable. 
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C 2 7H 4 iN0 6 S (507) 

FAB-MS (neg. ions): 506.25 for (M-H)" 

UV (MeOH) W(Iog e) = 210 (4.17); 249 (3.97) 

IR, film on Irtran: 

v: 3400; 2958; 2931; 2875; 1735; 1689; 1629; 1609; 1463: 1378; 1250; 1149; 
1049; 977 cm' 1 . 

TLC: R F = 0.75. 

TLC - Aluminum foil 60 F 2 54 Merck; solvent: 
Dichloromethane/methanol = 90 : 10 
Detection: 

1 . UV extinction at 254 nm 

2. Spraying with vanillin-sulfuric acid reagent and heating to 120°C: brown 
coloration. 

HPLC: Rt=6.3 min. 

Column: 4 x 250 mm Lichrosorb RP-18 7 jam, Merck; 
Flow rate: 1.5 mL/min; solvent: methanol/water = 65 : 35 
Detector: UV 254 nm. 

5. Process for preparing epothilones by one of the preceding claims, 
characterized in that th strain So ce90 



16 



is cultivated in a medium containing carbon and nitrogen sources and 
mineral salts, 

an adsorbent resin is added either during or after cultivation of the strain, 
the fermenter broth is separated, 
the epothilones are eluted from the adsorbent resin and 
the eluates are freed from the solvent(s) either directly or by further 
purification steps 

and the various epothilones are optionally purified and separated from 
one another by high-pressure/low-pressure chromatography and/or by 
recrystallization. 

6. Agent for plant protection in agriculture, forestry and/or gardening, consisting 
of one or more of the aforementioned epothilones or containing one or more of 
these epothilones, optionally in addition to one or more conventional excipients 
and/or diluents. 

7. Agent according to Claim 6, characterized in that it is a fungicide or fungistat. 

8. Therapeutic agents which develop cytostatic activities in particular and/or can 
effect immunosuppression, said agents consisting of one or more epothilones 
according to one of Claims 1 to 4 or containing one or more of these epothilones, 
optionally in addition to one or more conventional excipients and/or diluents. 
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Atom 




AIM 


Due* 


IS 


:a 


2.4 


1 


1704 




2b . 


:s2 


2 


39.1 




3 


4.19 


3 


7U 




6 


3.2 


4 


310 
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171 
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219.9 


M 


8 


1.73 


6 


434 




9a 


1.4 


7 


74.7 




9b 


1.52 ( 


8 


34.4 




10a 


1.4 


9 


307 




tob 


1.4 


10 


234 


JS 


lit 


1.42 


It 


274 




Mb 


1.7 


12 


57.4 




12 


24 


13 


544 




13 


3.01 


14 


317 




14a 


145 


IS 


744 


«4 


Mb 


111 


14 


137.4 




IS 


5.41 


17 


12011 




i? 


6.4 


18 


I32LI 




it 


6,99 


19 


1144 




1H 


1.01 


20 


1654 


«» 


::•) 


UJ 


21 •) 


20.4 




23 


1.15 


221 


214 




24 


0.»3 


23 


14.1 




23 


103 


24 


17.1 




24 


249 


23 


13.4 


M 


•i ti^ot 


mm vMAiMdihar. 


24 


19.1 



C*HpNO*S(4") 
si FA S-MS (ntf. lOMflfc 42129 f0/(M«H)' 

UV(M«OH)W(tOfC| • 210(4.1 7): 249(347) 



IR FDm auf tnrtii; 

x^M»2944t 2937: 1737; 1491:1443:1374:1295: 1 257:1185:11 50: 1087:1029: 1014:979 em"' 

* DC:*#-073 

DC- A Motif 40 P M Merck: UuJmmrt: 

DcWocmtihaiW Methanol - 90:1 

Dcttkoon: 
M I. UV.L4whun|bti 254 nm 

1 Aiupnihw mii VamliA/SchwcfelUure- fteaftfis und fdiiuni ml 1 20*C br aunt a nfarbunf 

HPIC.K • 3.4 mm 
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Slult;4 x 2WmmLichrowfbRP-t8 7um.Mtrck: 
FluO: I J ml/mim Uu/mtttd: Methanol/ Wiwr -65:35 
Detektor:UV234mit 

P•?•meTe ! ^ ! • eft,, ****** *** ™ £p0fhilo,t l ekeM " iehft « durrt cincn Oder mehrere Her folf enden 



' H - NM «'0«to "C-NMR-Diiw 
**** Atom 



2a 


242 dd 


1 


1703 


2b 


233 dd 




39.4 


3 


04 dd 


3 


72.9 


6 


341m 


4 


534 


7 


17Sdd 


5 


2193 


6 


1.73 m 


6 


43.1 


9a 


1.4 m 


7 


743 


9b 


13m 


3 


3M 


10a 


1.4 m 


9 


30.9 


tOb 


1.4 m 


10 


213 


ita 


t.42 m 


11 


313 


t ib 


1.7 m 


12 


6IJ 


12 




13 


6IJ 


13 


2Jdd 


14 


314 


14t 


1.9 ddd 


13 


719 


t«b 


2.1 ddd 


16 


1373 


IS 


5.41 dd 


17 


!20j0 


17 


63a 


II 


1311 


19 


6J9t 


19 


MU 


in 


1.03 1 


20 


163.1 




136 a 


31*) 


19.7 


23 


1.13d 


«•> 


213 


24 


093 d 


23 


I3J 


23 


243 fl 


24 


I7J 


21 


239 « 


23 


117 


27 


IJIl 


26 


'19j0 






27 


217 








(R'-CH,) 



*) Zuor OnuAf veniincftbtr 



C„H4,NO^507) 

FAB-MS (otf. (Often): SOUS COr (MH)- 
UV(MeOH)3U„{l0| C) - 210(4.|7);249<337) 

I R Film aui Inns: 

v - 3400: 29S«;2931:2i73:l73S : l6»M629:l609:l463:l37l:12S0:1149: 1049:977 cm-' 
DC: Rr - 0.7 S 

OC- Afufotie 60 Fj*. Merck: Uufmmet: 
Oichiormethan/ Methanol • 90 : 10 
Oetektion: 

i.UV.Usdmnf bei2S4«m 

1 AnspnUMa Mil Va«fin/Sdr«efehltire-Rea| ent und erhttxt auf 1 20*C braunc Aitrtrbunf 
HPUCift«««Jmia 

Slvlt;4 v 230 mm Uhmorb RMI 7 urn. Merck: 
n«3: 13 rnVRMc Urfmnteb Methanol/ Warn* - IS : 33 
0eiek»RUV334iMi 

Bnonden bewntft tind EpothHone mil der foif enden Stmkiuriormet 



3 
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l i, '? 10 !?" Methyl b « d *««eUDa» Kohlcntioffaiom der Methvlgruppe wird altC7 bezctchned 
■ d, l Z*™ 6 ™* ei " v crfahren rum Ccw.nnen von Epoth.loncn. mibcsonderc der vomehend 
cnarakicmicncn Epoihilone. das dadurch gckennrctchnet in. daft man den Siamm So ce90 OSM 6X73 

- in einem Kohlenwoffqucllen. Stiektioffqucllen und Minerahalxe cnthahenden Medium kuliivicrt. 

- cntweder wahrend der Kuliivicrung dei Stammn oder an*hlieUcnd etn Adiorbcrharr. twcirt. 

- die Fcrmenterbruhe abtrennt. 

- die Epoihilone am dem Adtorbcrharr eiuiert und 

- die Eluait direki oder uber wciierc Rcimgungttchmtc von dem/den Lotungtmit ieKn) befreit. 

- und gegcbcnenfailt uber Hochdruek/Nico>rdruckchromaiographic und/odcr Umkmiallitaiion d.c »er- 
ichiedenen Epoihtlone aufretmgt und voncinander irenni. 

Get cbcnenfalli kbnnen die to gewonnenen epoihtlone mn gang if en chemiichen Verfahren wcitcr umg etc ttt . 
werden. t a. mn Baten m die Alkali- und Erdalkalitalie uberfuhn und gegebenenfaUt waiter zu Ethern umge- 
tettt werden. oder tie kdnnen mil org aniichen Saurcn in die enupr echenden Etier Ob erf uhw warden, 

Femer betnfft die Erfindung ein Mind fur den Manzcnschutx in UndwinichafL Fomwimchaft und/oder 
Gartenbau. beitehend aut etnem Oder mehreren der vomehend aufgefuhnen Epoihilone Oder erne* Oder 
mehrcre dicier Epoihilone cnthaltend. gegebcncnfailt neben einem oder mehreren ubliehcn Tr jgtrtn) und/oder 
VerdunnungfmiiieKnV 1 

SehfieOlich bctnffi die Erfindung ein therapcutitchet MiueL dat insbesonderc cviotoiitche Akiivttaten em* 
w*keln und/oder Immuntuprettion bewtrken kann. beitehend aut einem oder mehreren der vomehend aufge- 
fuhnen Epoihilone oder emet Oder mehrere dieter Epoihtlone cnthaliend, gegcbenenfaUs neben emcm oder 
mehreren ubliehcn Tr5ger<n» und/oder VerdunnungsmhteKn). 

tm folgenden wird die Erfindung anhand von Beitpieien und eaperimentellen Oaten naher erlauiert, 

Produkiionttiamm 

Siamm Soce90 wurde im lull 1 985 an der Gctdlschafi fur Oioiechnoiogische Fortehung (C8F) aui emer 
Bodenprobe von den Ufern del Zambesi. Sudafnka. itolien. Oer Siamm im bci der Oeuttchen Sammiung von 
Mikroorganumcn ( OSM) unter Nr. 6773 hintertegt, 

Stammkuliur und morphologitche Bttcftrtibung: Oer Stamm wachti auf Cellulose alt eintiger tCohlcntioff- 
und Energiequetle mil KNOi all etntige StickuoffqueUe. l B, auf Filterpapier uber ST2t Mintrattalzagar (0.1 * 
KNOi: 0.1* MgSO* * 7 H,0: 01% CaO, « 2 HjO; 01% K;HPO«: 001% MnSO« n 7 HiO; O03% Fedi; 
0.002% Hefeeairaki;Siandard-SpurenelefflemlOturif; 1% Agar). Auf dicicm Medium werden dunkclroibraune 
bit tchwartbraune Fruehtkorper gebildet. beitehend am klemen Sprangioicn (ctwa IS bit Mum Durchmetier) 
in mehr oder wemger groOcn dichten Haufen und Paketcn. 

Oer Siamm wachti tehr gin mil Glucose und KNOw 2-B.au/ CA2-Agar (Crundmedhim: 1.5 g Agar in 92 ml 
Aqua de$t: Summiotung 1: 7J% KNOt, 7J% K.-HPO. in Aqua dest-Siammlo^ung 2: 1.5% MgSO* m 7 HO in 
Aqua deit.: StammicHung 1: OJ% CaCTr ■ 2 H^>. 015% FeOi in Aqua dest: Siammiotung •: 20% Glucote in 
Aqua dett. Die Siammlotungtn werden duren Auioklavteren tienthien. le I ml der Ldsungcn I bit 3. u>wi« 5 ml 
der Lotung a werden dem Grundmedium zugrgeben, cbemo tine gccigncie Mengc einer Spurcnctemcnilo- 
tungV 

Die vegeiaiivcn Silbchcn haben fur Sorangtum ivpiichen Form (relativ derbe. im Phattnkomraitmikrotkop 
dunklc. lyiindmcht Siabcheo mil brew abgerundeten Endtn. im Mitiei 3-6 um iang und I um dickV Nach 
lingerer Adapuuon an dat Wacntmm in Flutwgmedien wachti der Siamm in homogener Zetltuspention. 

Oer Stamm So ce90 produiien chemttch nahe verwandte Verbindungen, die antibioiiiche Akiiviiat betitzen. 
I ntbetondtrt tind dietc Verbindungen qnotontch towie anttfungal wirkum. Hervorxuheben m x, & die Hem- 
mung von Mucor hiemiit, 

Produktionder bioiofitcti akiiven Verbindungen 

Die Verbindungen werden wahrtnd der toganihmitchen bit bin tur uaiionaren Wachtiumtphatc produaten. 

Erne typitche Fermentation verllufi foigendermaOen: Ein lOOI-Permenter wird mh 601 Medium (0J% 
Silrke: 0J% Glucote: 0J% SoyameM: 02% Hefetxtrakt: 01% MgSO. a 7 H.O: I mg/l Fe EDTA: pH 7.4) 
gefullt. Beimpfi wird mit 101 emer im glcichcn Medium jedocb autaaiucfi mil 50 mM HEFES Puffer pH 7.4 m 
Schottelkolben angctogenen Vorkultur ( 160 upm, WCV Fermenuen wird bei 3rC mrt einer Ruhrgetchwifldig- 
keit von 500 upm und einer Bdbftung von 02 NL pro m* und Sid. der pH-Wert wird dureh Zugabt »on KOH bci 



4 

93176369 



DE 41 38 042 Al 



7.4 gehalten. Die Fermentation dauert 7 - to Tage . Die g eb.ldeien aktiven Verbindungtn befinden tich tails im 
GbemandundtetliindenZellen. 

Alternativ dazu kann in Ge gen win von Adsorberharten (a. D. XAO-l 180. Rohm und Heat. 2-S*) fermen- 
lien 4 — 



Itotiemng von Epothilon A und B 

Wihrend der Fermentation von Soranfium cellulotum Soce90(z. B. TO t Fermentationsvolumen) in Gegen* 
win ernes Adsorberharzes (a. B.: XAO-l 18a Rohm und Hut. 2* wv) werden die gebtldeien Antibionka 
Epothilon A (Abb. I) und B (Abb. 2) vollitindif an dai Han gebunden. Naeh Abtrcnnunf der KuJturbnihe ( t B. 
durch Absicbcn tn ctnem ProieOfilter) wird daf Hart mit 3 BcttvoJumen Winer gewatchen und mil 4 Bettvolu- 
men Methanol eluien, Oie vertinigien Eluaie werden im Vakuum bit auf den Waiterfehali eingeengi und 
dreimal mtt jc « I Ethylaeeiat citrahicn. Oie vereinigten Ethylacetatcatrakte werden aur Trockne eing eengt 
(ea.40fTrockcnfcwieht|. 

Oct Rohmrakt wird in SO ml Methanol aufgenommcn und an Uchroptep RP-18 25-40 urn (Slule: 
400 x 1 00 mm: FluO: 200 mi/mm: Merck Prepbar) isokratisch mit Mcthanol/Wiiter 6/4 chromatog raphien. Oie 
Epothilone enthaltendcn Fraktionen (R, ca. 95-123 min) werden durch RP-18 Nicderdrvckchromatographit 
jufgcreinigi. (Slule 400 * 60: HOSiM8-20-60. Labomatic: Uufmtttel: MethandUWasier 65/35: FluO 25 ml/ 
mint Ri Epothilon A: 140-165 min: R, Epothilon B: 170-195 min. 

Die Feinrennigung der Epothilone erfolgt durch Kristallisation aui 

1. Epothilon A: Toluol/ Ethyl acttat -3:2 

2. Epothilon B: Ethytacctai 

Epothilon A 
C»H„NO*S(493] 

FA B- MS (neg. lonenh 429 25 f Or ( M- H)- 
'H-NMR.Oatens.Tabtl 
1 *C-NMR< Oaten t. Tab. 2 
UV<MeOH)U„(loge) - 210(4.17); 249(3.97) 
IRFilmatrflnran: 

v: J429: 2966:2937; 1737: 1691: 1463: 1374: 1 295: 1 237; 1 183: 1 150: 1087: 1029: 1014 : 979 cm- 1 
DC:Rr-075 

DC- Alu/olie 60 Fj*. Merck: Laufmiuet: 
Dichlormeihan/ Methanol - 90 : 10 
Oetektion: 1. U V-loschung bet 2S4 nm 

1 Anspruhcn mit VaniUin/Schwcfe!slurc*Rcagena und erhitaen auf 1 20* C. braune Anfarbung 
HPLORi - 14 min 

Slult:4 x 230 mm Uchrosorb RP-18 7 urn. Merck: 
FluO: IJ ml/min: Uu/mittel: Methanol/ Waster - 63 . 35 
Oettktor;UV234 nm 

Epothilon B 

CiiH«NO*SC5971 

FA B- MS (neg. ionen* 30123 ror { M - H )- 
'H-NMR-Oateni.Tab.1 
"C-NMR.Dateni.Tab.2 
UV(MeOH)Ju*,(IOg t> - 210(4.17);249(197) 
IR Film auf Inrant 

v . 3400: 2958: 2931 :2V5: 1733: 1689: 1629: 1609: 1463: 1 379: 1 250: 1 149: 1049: 977 em - ' 
DC: Rf - 0J3 

DC-Alufoi»e 80 F?w Merdu Uufirmtel: 
DidUortimh*A/Methaj»* - 90: 10 
OettkiioMi 

I.UV.Uadningb«i234iiai 

1 Anaprthtn nm Vamto/SctrwefeWurt Reagenr und crhitn awl 1 20* C braune Anfarbung 
HPtCR* -6Jmso 

Sltate* at 230rnmUdtroiorbRP-i87um.Merck: 
Flufl: IJ ml/mm: Uufmmtt: MaihanoJ/Wauer - 65 35 
OtlckiorUV2S4M 
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Tabellt I 

1 H - N M R* Oaten der Epoihitont A ufld 8 



Mom a 0 



2g 


7 1 4rf 

*.* as 


1 7? . M 

iui U4 


(0 




233 dd 


1 

* 


4.19 dd 


4.24 dd 


6 


3 2 m 


3.28 m 


7 


373 dd 


373 dd 


8 


1.73 m 


1.73 m 


9t 




t.4 in 


9b 


1.52m 


Un 


to* 


1.4 m 


1.4 m 


m 


1.4(ll 


l.4m 


Ha 


1.42 m 


1.43 m 


tlb 


\3m 


1.7 m 


12 


24 ddd 




13 


3jOI ddd 


Udd 


14a 


US ddd 


. Uddd 


Mb 


111 ddd 


2.1 ddd 


IS 


14t dd 


5.41 dd 


17 


Ut 


64 % 


19 


6.99 f 


6.99« 


21') 


ijNi 


1.03 1 


22*) 


U3» 


U6« 


23 


1.13 d 


I.ISd 


24 


0.93 d 


0.92 d 


23 


2JMl 


103 • 


24 


249 1 


249 1 


27 




1.2ft 



*) Zuortfttiftf vemtrtdibar 
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1 Epothtlon. cekcnfiieiehntt dure* cincfl oder mehrere der folg endefi Parameter : 



'M-NM*.Ottf»l "C-NMH-Oltt* 
A»om Atom 



2g 




1 


170J 


2b 


Z32 


2 


39.1 


j 


4.19 


t 


' '3.2 






4 


CIA 

5JJO 


j 


3JI 


< 


219JP. 


§ 


1 71 




43J 






r 


74J 


9b 


■3* 


8 


36.4 


10a 


1.4 


9 


30J 


10b 


1.4 


10 


216 


'la 


1.42 


II 


276 


lib 


1.7 


12 


57.4 


12 


19 


13 


546 


13 


101 


14 


3tJ 


ua 


US 


13 


76J 


14b 


2.11 


16 


137.4 


IS 


Ml 


17 


120.1 


17 


6J 


11 


1311 


19 


6J9 


19 


llftj 


» # ) 


UM 


20 


1610 


*n 


US 


21 •) 


20.4 


23 


MS 


22') 


216 


:4 


0.93 


23 


14.1 


25 


10S 


24 


17.9 


2* 


2j69 


2S : 


136 






2ft 


19.1 



*! ZwordmNif *enamctilMr» 



CjaH*NO»S(4il1 

FAOMSfrtef. ldmmM9ttS fOf(M.H)- 
UV{MtOH)W(k>|c) - 210(4.17): 249(197) 

I R Pitman/ Inrtat 

v: 3429: 2966: 2937 : 1737: 1691: 1463: 1374: 1299: 1257: 1 16S; 1130; 1017: 1029: 1014:979 cm -1 
DOIU-OJS 

OC-Alufotte 60 Fnt Merc*: Uwfmmefc 
DidOormvtiutVMtthanot - 90:10 
DtMfcfiOM 

I.UV-LOidWf btt254nm 

1 Aftsprtifcefl mtt Vamli«/$ct>wef abjure • Rear, tnt und crmtzen auf 1 20* C braune Anrtrbuflg 

HPICX4 • S.4INM 

SIuk:4 n 250 fMHliehrMQrbRP.lt 7 urn. Merck: 
Hot: I J mi/frwi:Uu*mntei: Methane*/ Wauer -65:35 
r3ttfftforUV254iM 

4. EpotiMoacffcetmstichrtei durcb etneti oder metirert der fotcenden Parameter: 
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'H-NMR-OaiM 
aim 


"C-N1 

Atom 




2a 


222 dd 


1 


1 70 J 


2b 


153 dd 


2 


39.4 


3 


*2* dd 


3 


725 


6 


3.28 m 


4 


512 


7 


3.73 dd 


5 


2t9J 


8 


173 m 


ft 


43.1 


9a 


1.4 m 


; 


74J 


9b 


Urn 


$ 


365 


10a 


l.«m 


9 


305 


10b 


1.4 m 


to 


225 


lla 


1.42 m 


11 


315 


I lb 


1 J m 


12 


ftU 


12 




13 


ftlJ 


|] 


18 dd 


14 


314 


14a 


1.9 ddd 


IS 


76J 


Mb 


It ddd 


1ft 


137 J 


IS 


$.41 dd 


17 


1200 


17 


fcftf 


18 


1511 


19 


6.99 s 


(9 


1112 


211 


UOSl 


20 


1611 


22*) 


IJftl 


«•> 


19J 


23 


i.tSd 


22-) 


24J 


24 


052 d 


23 


117 


25 


103 1 


24 


17.1 


2ft 


259t 


25 


117 


27 




2ft 


19,0 






27 
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•) 2. 

CifH«NO»S($07l 

FAS*MS(ncf,lontn):50ft2Sf0r(M'H)* 
UV(MtOH)JU«(lof C) . 2I0(4.|7);249(197) 

IRFitmauf Ifiraax 

v - 3400:2958:2931:2873: 1735: 1689: 1629: 1609: 1463: 1379:1250: 1 149: 1 049: 977 em" 1 
DORr -OJS 

OCAIu/otia 60 Merck; Laafmmei: 
Diditormeihaa/ Methanol - 90: 10 
OtttkUoat 

I.UV.Uadwnf bm2S4ftm 

1 AmprOhto ma Vani&a/Scfewtf efeittre-Reageiu und triiHti auf I20*C breune Anft/bunf 
HFLCifc •Una* 

Sftu*tt4 » 250 mm Lidraorb AMI 7 u m. Mertt: 
Hufli I J mVmsii: Uufmnwi: MeihaJiol/Weestr -65:35 
Otttttor.UV254ma) 

% Vcrf ahrea twm Htftttflcsi von EpotWontu nacb em em dcr vorsmtchtAdtn Amprtcht .dadnrch |tkeim- 
xaidMMtd«iKwidt*5uawiSect90 

- in mt Kdttatofftwttah $UdutoffqtteOen und Mmtrafcaixa etuhahende* Medium kuJthnen. 

-eimdaTva^f^darKuhmcnmgdn Siimirmodar anachUc^kodem Adsofbcrftanxusem. 



•» die (podbeona eoa dcaa Adsofbartura efaiefi und 

- dte Chaatt danfct Oder Ober wmtn Rrmfwaftadtntta «oa dam/dan L»t«ftftmttt«a) baf rah. 

- god ftnibnairfah Obar Hocbdn^NieoerdnickchromaiofTiph* and/oder UmkrauUiaauoa d* 
i ii achaadaaan g pot ha oa t aufmmr und vommandtr tratmt 

1 MsttaJ fOJ dw Wftjwmdbja « dtr Undvinsctait und Fonnrirtaduft ond/odcr im Cananbau bette- 
h—d »«« odtf w ahmiii EpotbUonta ftmAft aimw dar wmhandan Awprtdwodt/ tarn lodtr 

* "1 Trt fff{n) 



7. Mtttd fiat* Anipnich ft. dadoed) leteniwextoet dsfl ft am F««fttid odar F«nfnuuk«m «k 

9317*6369 '. 
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50. degree, and the reaction mixc wa? 

phosphate buffer to give 2 isomers eech^"^^^^ " iCh 1 « 
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overnight at 50. degree, and the reaction mixt. was adjusted to pH 7 
with 1 M phosphate buffer to give 2 isomers, each in 19% yield 
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The process for thet^prepn comprises SS are claim * d - 
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A (Rl 3 R2 = H) an^Mlc^Y^ h*™? £? f «J- ^thilon 
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